The inhibitory effects of Salix pseudo-lasiogyne water extract (SPWE) on melanogenesis were evaluated using intracellular tyrosinase activity and melanin content in B16F10 cells exposed to α-melanocyte-stimulating hormone (α-MSH). Meanwhile, the antioxidative capacity of SPWE was also investigated. SPWE suppressed intracellular tyrosinase activity and decreased the melanin content in B16F10 cells. The results showed that tyrosinase protein expression was suppressed by the SPWEtreated group. SPWE inhibited mRNA and protein expression of microphthalmia-associated transcription factor (MITF), tyrosinaserelated protein (TRP)-1, and TRP-2. SPWE inhibited the intracellular reactive oxygen species level in B16F10 cells. SPWE not only demonstrated 1,1-diphenyl-2-picrylhydrazyl stable free radical (DPPH), and 2,2-azinobis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS)-free radical scavenging activity but also possessed chelation capacity and ferric ions (Fe 3+ ) reducing power. We concluded that anti-melanogenesis and antioxidant effect of SPWE may result from the down-regulation MITF and tyrosinase expression and the inhibition ROS generation. Overall, SPWE might be a potential candidate substance for whitening agent about pigmentation.
Introduction
Melanin is responsible for the color of the eyes, hair, and skin and plays a pivotal role in protecting against various types of damage such as ultraviolet, hormonal factors, and cytokines (Yamaguchi & Hearing, 2009 ). However, abnormal synthesis of melanin leads to disorders including freckles, melasma, age spots, and other hyperpigmentation syndromes (Briganti, Camera, & Picardo, 2003; Han, Kim, & Pak, 2015) .
Melanin biosynthesis were regulated microphthalmia-associated transcription factor (MITF) and melanocyte-specific enzymes, tyrosinase, tyrosinase-related protein 1 (TRP-1), and tyrosinase-related protein 2 (TRP-2), in melanocytes (Coates & Nairn, 2014; Videira, Moura, & Magina, 2013) . MITF has been reported to regulate three main melanogenic enzymes (Huang, Hsieh, Niu, & Chang, 2012) . The first enzyme is tyrosinase, which is the rate-limiting step in melanogenesis. This enzyme participates in the hydroxylation of L-tyrosine to 3,4-dihydroxyphenylalanine (L-DOPA), and L-DOPA is further oxidized into the corresponding o-quinone (Campos et al., 2013; Slominski, Tobin, Shibahara, & Wortsman, 2004) . TRP-1, the second enzyme, oxidizes 5,6-dihydroxyindole-2-carboxylic acid to indole-5,6-quinone-2-carboxylic acid. The other enzyme is TRP-2, which isomerizes dopachrome to 5,6-dihydroxyindole-2-carboxylic acid (Kobayashi et al., 1994) . Both TRP-1 and TRP-2 generate different types of melanin (Kwon & Kim, 2013) . Therefore, not only melanogenic enzyme inhibitors but also MITF inhibitors are major targets for the prevention of skin disorders and skin-whitening agents (Funasaka, Komoto, & Ichihashi, 2000) . In addition, abnormal UV exposure results in hyperpigmentation and production of reactive oxygen species (ROS) . ROS can be harmful to skin and provokes toxic changes such as lipid peroxidation and enzyme activation (Fonseca et al., 2010) . Thus antioxidative capacity is considered important to downregulate melanogenesis (Chou et al., 2013; Han et al., 2015; .
Salix pseudo-lasiogyne (SP) is a well-known Korean weeping willow. The Salix species have been used in the treatment of fever, pain, and inflammation for thousands of years (Freischmidt et al., 2012) . Recently, there were reported that methanolic extract of SP had a cognitive-enhancing effect and anti-adipogenic activity in 3T3-L1 via the down-regulation of CCAAT/enhancer-binding protein α and SREBP1c-dependent pathways . However, the anti-melanogenic and antioxidant properties of SP have not been investigated in the B16F10 melanoma cell. Therefore, we investigated the inhibitory effects of SP on tyrosinase and melanin biosynthesisassociated antioxidant properties.
Materials and methods

Materials
Dulbecco's modified Eagle's medium (DMEM), fetal bovine serum (FBS), Dulbecco's Phosphate-Buffered Saline (DBPS), penicillin, and streptomycin were purchased from Invitrogen (Grand Island, NY, USA). Kojic acid, dichlorofluorescein diacetate (DCFH-DA), and alpha-melanocyte stimulating hormone (α-MSH) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Tyrosinase, MITF, TRP-1, and TRP-2 antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Monoclonal GAPHD antibody was purchased from Cell Signaling Technology (Danvers, MA, USA). Anti-rabbit hoseradish peroxidase-conjugated immuncoglobulin G (IgG) antibody, and radio-immunoprecipitation assay (RIPA) cell lysis buffer were purchased from Enzo Life Science (Farmingdale, NY, USA). Enhanced chemiluminescence (ECL) solution was purchased from Millipore Corporation (Temecula, CA, USA). All other chemicals and solvents used in this study were of the analytical grade.
Preparation of SPWE
SP H.Lév. was harvested from the Cheonan area (36°37 ′ 12 ′′ N 127°25 ′ 22 ′′ E 48 m) of South Korea, in November 2013. It was identified by Professor Yuk Chang Soo (Kyung Hee University, Seoul, South Korea) and is listed in the NIKOM TKM2039 by a code number. SP water extracts (SPWEs) were prepared by boiling at 100°C with D.W. for 3 h. The mixture was filtered and freeze-dried then the powder was stored at −4°C. SPWE was dissolved in phosphate buffered saline (PBS) when used.
Cell culture
B16F10 murine melanoma cells were supplied by Korean Cell Line Bank (KCLB, Seoul, Republic of Korea). They were cultured in DMEM supplemented with 10% heat-inactivated FBS, 10 U/mL of penicillin, and 10 mg/mL of streptomycin in a 37°C, 5% CO 2, 95% air-humidified atmosphere.
Assay of cell viability
B16F10 cell viability for the samples was measured by tetrazolium compound [3-(4,5dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt (MTS) assay kit (Promega, Madison, WI, USA) according to the instructions provided by the manufacturer. Briefly, B16F10 cells were plated in 96 well plates (5000 cells per well). After 24 h, the media was changed and the cells were treated with the samples at various concentrations for 24 h. Ten microliters MTS (5.0 μg/μL) was added to each well for an additional 4 h of incubation at 37°C. Absorbance was read with a microplate reader (Multiskan MK3, Waltham, MA, USA) at 490 nm. The cell viability rate (%) of the samples against the proliferation of B16F10 was calculated using the following equation:
Cell viavilty rate (%) = (Blank OD/ SPWE treated sample OD) × 100 2.5. Melanin assay B16F10 cells (2 × 10 5 cells) were cultured in DMEM with 10% FBS. After 12 h, the cells were treated with various concentrations of the samples or with the media only as a blank for 1 h. Following treatment, 100 nM α-MSH was added to the cells followed by incubation at 37°C with 5% CO 2 in a humidified atmosphere. After 48 h, the cells were washed with PBS and harvested (5000 rpm × 10 min). The pellets containing a known number of cells were dissolved in 1 N NaOH solution containing 10% dimethyl sulfoxide (DMSO) and were sonicated for 1 h. The amount of melanin was then monitored by a microplate reader at 490 nm. Data are expressed in terms of melanin synthesis inhibitory activity compared to the blank (Jung et al., 2014) .
Cellular tyrosinase activity assay
Cellular tyrosinase activity was determined based on a modification of a previously described method (Jung et al., 2014) . 2 × 10 4 cells/cm 2 were treated with the samples for 1 h, followed by addition of 100 nM α-MSH. After 48 h, the incubated cells were harvested and washed twice with ice-cold PBS by centrifugation at 1000 × g for 5 min. The harvested cells were lysed in 1% Triton X-100 and 0.1 mM phenylmethanesulfonyl fluoride in PBS. The total protein was collected by centrifugation at 10,000 × g for 25 min at 4°C. The reaction mixture consisted of 100 μL 1% L-DOPA solution and 50 μL cell-extracted protein. Dopachrome formation at 37°C for 30 min was measured based on the absorbance at a wavelength of 475 nm using a microplate reader.
Western blot assay
B16F10 cells were treated with the samples for 1 h, and α-MSH was added. After 48 h, cells were collected and lysed in a RIPA cell lysis buffer containing 50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1.2% Triton X-100, 0.5% sodium deoxycholate, and 0.1% SDS (Enzo Life Sciences, Farmingdale, NY, USA). The lysates were denatured at 95°C for a western blot assay. Proteins were separated using 10% SDS-polyacrylamide gel electrophoresis running gel. The resolved proteins were transferred to nitrocellulose membranes and then blocked using 5% skim milk in Tris-HCl buffer. Membranes were incubated with tyrosinase, MITF, TRP-1, TRP-2 and GAPDH antibodies. The membranes were washed 3 times every 15 min then incubated with anti-rabbit horseradish peroxidase antibody for 30 min. After the membranes were washed 4 times every 15 min, the bands of bound antibodies were detected by enhanced chemiluminescence reagents, and the images of protein expression were obtained using an imaging system (Li-Cor, Lincoln, NE, USA).
TRP-1, TRP-2, and MITF mRNA assay
Total RNA was isolated with the Trizol-Reagent (Invitrogen, Grand Island, NY, USA) according to the instructions provided by the manufacturer. Reverse transcription reactions were performed with Super Script III reverse transcriptase (Applied Biosystems, Foster City, CA, USA) following the manufacturer's instructions, using 2 μg of total RNA. Real-time PCR reactions were performed using Taqman gene expression assays with the 7500 Real-Time PCR system (Applied Biosystems, Foster City, CA, USA). The mRNA expression levels of TRP-1 (assay ID: Mm00453201_m1), TRP-2 (assay ID: Mm01225584_m1), and MITF (assay ID: Mm00434954_m1) were normalized to Hprt1 (assay ID: Mm00446968_m1) as loading controls.
Measurement of intracellular ROS
Intracellular ROS generation was measured with DCFH-DA. In brief, 2 × 10 5 cells were incubated in 10 μM of DCFH-DA for 30 min at 37°C. DCF fluorescence was measured by a FACS (Beckman coulter, Brea, CA, USA) with 10,000 events collected for each sample.
Total polyphenol content
The total content of phenols was determined by a modified Folin-Denis colorimetric method (Folin & Denis, 1912) . The test solution in D.W. (10 mg/mL, 5 mg/mL) was transferred to a 160 μL ep-tube, the Folin-Ciocalteau reagent (160 μL) was added and after 3 min, sodium carbonate (Na 2 CO 3 ) solution (100 g/L) was also added. After 1 h, the suspension was centrifuged (10,000 rpm, 10 min) and the absorbance of the supernatant was measured at 700 nm. Gallic acid (0-500 μg/mL) was used for constructing the standard curve.
Total flavonoid content
Flavonoids were determined by a colorimetric method described by Moreno (Moreno, Isla, Sampietro, & Vattuone, 2000) with some modifications. Ten microliters of SPWE was mixed with 10% aluminum nitrate, 1M potassium acetate and 82 μL of methanol. After 40 min, the absorbance was read at 510 nm. Rutin (0-500 μg/mL diluted in methanol) was used as a standard.
DPPH assay
The radical scavenging activity of SPWE was determined by the DPPH radical scavenging assay (Blois, 1958) with some modifications. SPWE (100 µL) was added to 100 µL of 200 µM DPPH solution in methanol. The extracts tested ranged from 0 to 500 µg/mL (dissolved in water). The solutions were mixed well and incubated in the dark for 30 min. The reduction of DPPH absorption was measured at 517 nm using a plate reader. Ascorbic acid was used as the positive controls. All determinations were performed in triplicate.
ABTS scavenging activity
The ABTS(2,2 -azinobis-3-ethylbenzothiazoline-6-sulfonic acid) method is based on discoloration that occurs when the radical cation ABTS + is reduced to ABTS (Pellegrini, Ke, Yang, & Rice-Evans, 1999) . The radical was generated by the reaction of a 7 mM solution of ABTS in water with 24.5 mM potassium persulphate (1:1). The assay was made with 150 μL of ABTS solutions and 50 μL of SPWE (at a dilution of 1:25 in 50% ethanol). The reaction took place in the dark at room temperature. Absorbance measurements at 734 nm were made after 15 min of reaction.
Ferric reducing power assay
Reducing power was measured by the direct reduction of iron ions, and was determined by measuring the absorbance resulting from the formation of the Perl's Prussian Blue complex following the addition of excess ferric ions (Fe 3+ ). This method is based on the reduction of (Fe 3+ ) ferricyanide in stoichiometric excess relative to the antioxidant.
The ferric reducing activity of SPWE was estimated based on the assay by Benzie and Strain (Benzie & Strain, 1996) with slight modifications. A working reagent was prepared fresh by mixing 10 mL of 300 mM acetate buffer with 1 mL of 10 mM 2,4,6-tripyridyl-striazine (TPTZ) in 40 mM hydrochloric acid and 1 mL of 20 mM ferric chloride hexahydrate (FeCl 3 .6H 2 O). The freshly prepared ferric reducing power antioxidant (FRAP) reagent was pre-warmed at 37°C for 15 min, after which a blank reading was taken at 595 nm using a plate reader. Subsequently, a 50 µL sample of diverse concentrations, the standard or the positive control (Ascorbic acid) were added to 150 µL of the FRAP reagent. After reaction at 37°C for 15 min, the samples were measured at 593 nm. The absorbance was calculated by comparison with a FeSO 4 .7H 2 O standard curve (0-100 µM) tested in parallel. All experiments were carried out in triplicate.
Fe 2+ chelation
The Fe 2+ chelating activity was determined by measuring the formation of the Fe 2+ -ferrozine complex according to Decker and Welch (Decker & Welch, 1990) with modifications. 50 μL samples were mixed with 90 μL water and 10 μL iron (II) chloride (0.6 mM). After 20 min of incubation at room temperature, 20 μL ferrozine (5 mM) was added. After 10 min, the absorbance was measured at 562 nm. EDTA was used as the positive control.
Statistical analysis
All data are presented as the mean ± S.D. of three independent experiments each performed in triplicate. Data were evaluated by a student's t-test using SPSS version 21 (Chicago, IL, USA). Statistical significance was considered at P < .05.
Results
Melanin contents and cell tyrosinase activity
Melanin content was 181.11 ± 17.08% in 100 nM α-MSH-treated B16F10 cells; however, pretreatment of 125 μg/mL and 500 μg/mL SPWE showed melanin contents by 146.25 ± 27.44% and 115.84 ± 9.94%, respectively (Figure 1(a) ). SPWE also inhibited the cellular tyrosinase activity (Figure 1(b) ) and tyrosinase protein level (Figure 1(c) ). Kojic acid is a well-known tyrosianse inhibitor (Garcia & Fulton, 1996) , so we used kojic acid as a positive control and kojic acid (100 μg/mL) inhibited melanin contents and tyrosinase activity. In this study, we investigated whether SPWE prevented melanin biosynthesis at the indicated concentrations without cytotoxicity (data not shown).
Melanogenesis-related protein and mRNA expression
We investigated inhibitory effects of SPWE on melanogenesis-related protein and mRNA expression induced by α−MSH. However, SPWE treatment strongly inhibited MITF, TRP-1, and TRP-2 levels compared with the α-MSH only treated group (Figures 2 and 3) . The TRP-1 and TRP-2 protein and mRNA expression did not affect at low SPWE concentration (31.3 μg/mL), but decreased significantly with 125 and 500 μg/mL SPWE compared to α-MSH only treatment (*P < .05,**P < .01) (Figures 2 and 3) .
Intracellular ROS levels
For determining the antioxidative effects of SPWE on oxidative stress induced by α-MSH, the intracellular ROS levels were measured. ROS levels were significantly increased in the α-MSH group compared with those in the control group, but these were significantly reduced to 25.39%, 13.53%, and 10.61% by SPWE treatment at the concentration of 125, 250, and 500 µg/mL, respectively (Figure 4) 
Total polyphenol and flavonoid contents of SPWE
The total phenolic content of SPWE was determined as gallic acid equivalents and the flavonoid content of SPWE was determined as rutin equivalents. SPWE had a phenolic content of 151.24 ± 34.52 mg GAE/g extract and a flavonoid content 99.16 mg rutin/g extract ( Figure 5 ).
DPPH and ABTS radical scavenging activity of SPWE
In this study, DPPH scavenging capacity of SPWE was 60.40 ± 1.14%, 73.57 ± 0.76%, and 76.03 ± 1.35% of the control at 125, 250, and 500 μg/mL of SPWE, respectively. The IC 50 of the SPWE is 111.67 μg/mL for DPPH scavenger activity. ABTS radical cation is reactive towards most antioxidants. During this reaction, the blue ABTS radical cation is converted back to its colorless neutral form. In this study, when SPWE treated with ABTS radical cation solution, the antioxidant activity was 54.81 ± 1.00%, 81.98 ± 2.07%, and 99.02 ± 0.34% of the control for the SPWE dosage of 125, 250, and 500 μg/mL, respectively (Table  1) . The IC 50 of the SPWE was 120.83 μg/mL for ABTS radical scavenger activity.
Metal-ion chelating activity of SPWE
Ferrous chelating capacity was significant since it reduced the concentration of the catalyzing transition metal in lipid peroxidation. Chelating agents play role as secondary antioxidants because they reduce the redox potential thereby stabilizing the oxidized form of the metal ion. SPWE had ferrous ions (Fe 2+ ) chelating effect. Fe 2+ chelation ability of 125, 250, and 500 μg/mL of SPWE was 11.68 ± 0.40%, 14.21 ± 0.42%, and 14.37 ± 1.32% of the control, respectively. The amount of 125 µg/mL EDTA was used as positive control and it inhibited 61.99 ± 0.89% of Fe 2+ chelating activity (Table 1) .
FRAP assay
The FRAP assay is presented as a simple method for assessing antioxidant power (Benzie & Strain, 1996) 
Discussion
This is the first report regarding the effect of SPWE on melanin production and antioxidant capacity. SPWE markedly decreased melanin synthesis in α-MSH-stimulated B16F10 melanoma cells. It was reported that α-MSH is a crucial factor in the melanogenesis stimulatory cascade, and not only human skin melanocytes but also murine melanoma cells respond to α-MSH stimulation (Schwahn, Xu, Herrin, Bales, & Medrano, 2001) . The α-MSH can bind melanocortin 1 receptor (MC1R) on melanocytes, which plays a major role in regulating pigmentation via G protein-coupled receptor (GPCR)-cAMP-MITF. This reaction does not only increase the expression of MITF but also induces target genes for key melanogenic enzymes (Yang, Son, Lee, Jeon, & Lee, 2011) . Therefore, downregulation of MITF expression is a key factor for inhibition of melanogenesis. TRP-1 and TRP-2 are well known to be major melanogenic enzymes. They participate in the regulation of tyrosinase, resulting in the production of pigmentation . In this study, the levels of MITF observed by western blot analysis and PCR revealed that SPWE reduced the expression of MITF in a dose-dependent manner. It also implied that TRP-1 and TRP-2 expression of mRNA and proteins was reduced by treatment with SPWE in a dose-dependent manner. These results indicated that SPWE may have anti-melanogenic effects on the mRNA stability of melanogenic proteins such as MITF, TRP-1, and TRP-2, leading to the inhibition of melanogenesis. Oxidative stress induced by UV exposure and results in melanin synthesis induced by ROS. ROS can be harmful to skin and provokes toxic changes such as lipid peroxidation and enzyme activation (Fonseca et al., 2010) . Thus, antioxidant agents usually have a beneficial effect on the skin since they are able to scavenge ROS (Campos et al., 2013) . In the present study, to evaluate whether SPWE possess antioxidant activity by inhibiting ROS production, the intracellular ROS fluorescence intensity was measured by the DCFH-DA assay. Our results showed that SPWE effectively decreased the intracellular ROS level in α-MSH-stimulated B16F10 melanoma cells (Figure 4) . These results suggested that SPWE inhibited melanin synthesis associated with inhibition of ROS in melanoma cells. We also examined chemical test such as DPPH, ABTS radical scavenging activity, and metal-chelating capacity and ferric reducing power. Our results revealed a dosedependent increase in antioxidant potential in all the analytical studies. The reducing power of the Fe 3+ /ferricyanide complex to the ferrous form can serve as an indicator of the antioxidant ability. The higher metal-ion chelating capacity of the SPWE indicates its potent antioxidant activity (Im et al., 2016; Lee, Choi, Park, & Kim, 2012; Shi, Yao, Zhu, & Ren, 2017) . Furthermore, the assay for the total phenolic content and flavonoids in SPWE was performed to identify the highest concentration of SPWE. These data showed that SPWE has antioxidant properties due to having many bioactive compounds (Arunachalam, Parimelazhagan, & Saravana, 2011; Banerjee, Dasgupta, & De, 2005; Im et al., 2016) .
In conclusion, we evaluated anti-melanogenesis by inhibiting tyrosinase activity and decreasing melanogenic enzyme expression like MITF, TRP-1, and TRP-2 in α-MSHstimulated B16F10 melanoma cells. SPWE inhibited intracellular ROS level, too. And SPWE showed antioxidant properties dose-dependently. These results suggest that antimelanogenesis of SPWE might be related to antioxidant properties. Although further study is needed for identifying mechanisms of the anti-melanogenic effects of SPWE, this study suggests that SPWE would be a potential candidate substance for whitening agent about pigmentation.
